The Taylor dispersion technique was applied for the determination of diffusion coefficients of various systems. Experiments with the system KCl in water showed that the experimental setup provides accurate data. For the alkanolamines monoethanolamine (MEA), diethanolamine (DEA), methyldiethanolamine (MDEA), and di-2-propanolamine (DIPA), correlations for the diffusion coefficient as a function of temperature at different concentrations are given. A single relation for every amine has been derived which correlates the diffusion coefficients as a function of temperature and concentration. The temperature was varied between 298 and 348 K, and the concentration between 0 and 4000-5000 mollm3. Furthermore, a modified Stokes-Einstein relation is presented for the prediction of the diffusion coefficients in the alkanolamines in relation to the viscosity of the solvent and the diffusion coefficient at infinite dilution. The diffusion coefficients at low concentrations are compared with some available relations for the estimation of diffusion coefficients at infinite dilution, and it appears that the agreement is fairly good.
Introduction
Estimation methods for diffusion coefficients have always hadmuchattentionin theliterature (1-6). Most ofthederived relations are well applicable for ideal systems at low concentrations; however, in more concentrated systems usually large errors arise. Reliable dimensioning of process equipment requires accurate knowledge of diffusion coefficients. Sherwood relations contain diffusion coefficients in order to estimate mass transfer coefficients, which are used in design techniques for absorption, extraction, and distillation processes. In absorption processes of acid gases (Has, COz, COS) in alkanolamine solutions diffusion coefficients are used for the calculation of the mass transfer rate (see, e.g., ref 7) . Obviously, rather than estimating the diffusion coefficients, more precise data can be obtained by measuring the values in the actual system. Nowadays many different techniques are known. Relatively old is the use of a diaphragm cell (Stokes (8) ). Disadvantages, however, are the very long measuring time and the need for calibration of the cell with a known system. Optical methods (9,10) are fast, but require specialequipment. For gas-liquid diffusion coefficients the stationary bubble method (11) or the laminar jet (12) can be used. A technique which is frequently used to date is the Taylor dispersion method (13) (14) (15) (16) (17) . Taylor (18) has demonstrated that axial dispersion takes place when a solute is introduced in a solvent flowing slowly through a long capillary tube. This is caused by the combination of axial laminar convection and radial diffusion. By solving the mass balance for such a system, Taylor was able to relate the diffusion coefficient to the measured axial dispersion coefficient. The method is relatively fast, and there is no need for calibration with a wellknown system. The Taylor dispersion method has been used in the present studytomeasurediffusion coefficientsofseveralalkanolamine solutions in water as well as KC1 in water.
Theory
In the Taylor dispersion method a pulse of concentrated solute is injected in the solvent. Owing to the laminar velocity profile in the tube, the shape of the pulse becomes parabolic initially. Diffusion tends to decrease the concentration gradients, resulting in a spreading out of the solute. Equation
0021
-95681931 1738-0475$04.00/0 1 describes the process of instationary fluid flow through a straight tube under laminar conditions. Taylor (18, 19) showed that under certain conditions the diffusion process can be regarded as axial dispersion of solute material around a plane which moves with average velocity u through the tube. Aris (20) evaluated the diffusion equation (1) by calculating the different moments and derived that the dispersion coefficient can be calculated according to (2) In practice, some important restrictions on the experimental conditions must be considered. Alizadeh et al. (21) gave a complete review on the determination of diffusion coefficiente with the Taylor dispersion method. They suggested using a statistical method, and the diffusion coefficient should then be calculated according to
(3) Corrections on the ideal average residence time and variance are given for a non-6-Dirac pulse injection, finite detection volume, and deviations in tube geometry. Another important phenomenon is the development of secondary flow. This is caused by gravitational forces in the case of flow through a curved tube (22, 231 or by differences in density between the solvent and solute (24) (25) (26) . All these considerations lead to a well-defined range for the experimental conditions under which the Taylor dispersion technique is applicable for the determination of diffusion coefficients.
Whether these conditions are rigorous enough can be evaluated either experimentally (system with well-known diffusion coefficient) or by solving the total diffusion equation numerically. Among others, this has been demonstrated by Snijder (27) . His results, which have been applied in the present work, agree very well with the restrictions as proposed by Alizadeh et al. (21 In this work their data are extended to higher concentrations and a temperature range of 298-348 K. The experimental setup which has been used is shown schematically in Figure 1 . Two glass storage vessels containing solute and solvent are kept at a constant helium pressure by means of a precision pressure control valve. Regulating the flow after the detector (differential refractometer, Varian RI 4) with a mass flow controller (Rosemount Flowmega 5881) yields a complete pulsation-free and constant flow throughout the experiment. Introduction of a solute pulse is performed by switching the helium-actuated six-way valve (0.1-0.2-s switching time). The capillary tube is elliptically coiled and is placed in a water bath which can be kept at the desired temperature within 0.1 K. Calibration of the refractometer is carried out by passing reference samples directly through the refractometer. The dimensions of the tube and the experimental conditions are given in Table I . The method as presented by Baldauf and Knapp (14) is followed for the conversion of the collected data to concentrations. First the drift in the base line of the refractometer (generally this is only very little) is subtracted from the response, after which the concentration is calculated using a calibration function. The method of Levenberg and Marquardt (30) has been used for fitting the concentration curve 
Here N u is the amount of moles in the injected pulse in excess of those already present in the solvent. It must be noted, however, that the injected pulse of the solute usually consisted of a solution and not of the pure compounds. Since the concentration of the solution decreases during the dispersion process, an average value has to be determined. Alizadeh et al. (1980) called it the reference concentration (C,d and gave the following equation:
32. KCk Water, a TestExperiment. The determination of diffusion coefficients of KC1 in water was carried out in order to investigate the influence of secondary flow due to the coiling of the tube. At 298 K and at various liquid velocities the diffusion coefficient and the reference concentration have been calculated from the fitted dispersion coefficient. Figure  2 shows the influence of (De)ZSc on DIDEL; the comparison with the literature data is given in Table 11 . Below a critical value of about 180 for (De)%c the measured diffusion coefficients are almost identical to the literature value. The The value 20 holds, however, for a circular coil, whereas in this work an elliptical coil has been used. Experiments were also carried out at higher temperatures, and these are listed in Table 11 , together with available literature data. The conclusion from these experiments is that, in the setup as applied in the present investigations, the agreement between measured and literature diffusion coefficients is good as long as (DePSc is below 180. For every new system it was checked whether this restriction holds.
3.3. AlkanolamineSolutions. 3.3.1. MEA in Aqueous MEA Solutions. The diffusion coefficients of MEA in aqueous MEA solutions were determined for concentrations between about 40 and 5020 mob&" temperatures between 298 and 333 K. The results (average of 3-4 data points) are listed in the fitted diffusion coefficients appeared to increase. All data points were determined at conditions with (De)ZSc 5 120. Table IV The influence of temperature and concentration on the diffusion coefficient has been fitted with a single relation which provides the diffusion coefficient within 6 ! % tolerance for the complete temperature and concentration range. The Nelder-Mead method (30) was applied for the minimization of a x2 function which is defined according to
I Using all data points and fitting AI, A2, and AS yield h(D) = -13.275 -2198.3/T -7.8142 X 10dC (8) for 43 I C I 5016 mol/m3 298 I T I 333 K Figure 3 depicts a parity plot of the calculated versus experimental diffusion coefficients.
3.3.2. DEA in Aqueous DEA Solutions. The data for DEA diffusivities are treated in exactly the same way as those for MEA. On the basis of the velocity influence on the fitted diffusion coefficient, it has been concluded that the critical (De)zSc was lower for this system (about 100). The experiments were carried out at flow velocities with (De)2Sc I 70. Table VI ; the temperature was varied between 298 and 348 K and the concentration between about 10 and 4000 mol/m3. The viscosity data were obtained from Versteeg and van Swaaij (32) (the values at 4000 mol/m3 have been measured). All densities were measured as well. The experiments were Table VII ; the concentration was varied between about 10 and 3012 moVm3. Available literature data (29) are given in Table IV ; at comparable concentrations the agreement is very good. Again, the viscosities are calculated with For the diffusion coefficients at infinite dilution (DO), the measured values at low concentrations were taken. All data points of the four alkanolamine solutions are presented in Figure 4 . It appears that the relation as proposed by Versteeg and van Swaaij (32) at 298 K can be extended to a wider range of concentrations and temperatures:
. .
The difference between the value as calculated with eq 15 and the experimental value is at average 7% and upto a maximum of 25% for the solutions with the highest concentrations. Consequently, the relation can be used to obtain a fairly accurate estimate for the diffusion coefficient of an alkanolamine, provided that the viscosity and DO are available. Measuring the viscosity is generally less complicated than the determination of the diffusion coefficient. A value for DO can be found using correlations of, e.g., Othmer and Thakar (33), Scheibel ( l ) , Wilke and Chang (2), and Hayduk and Laudie (5). 
